Introduction
4-Amino-5-mercapto-1,2,4-triazole derivative is a readymade building block for construction of various organic heterocycles since they contain two nucleophilic groups, amino and thiol groups. On the other hand, Schiff bases of 1,2,4-triazoles find diverse applications and extensive biological activity. For example, Schiff bases derived from 3-substituted-4-amino-5-mercapto-1,2,4-triazoles show analgesic, antimicrobial, anti-inflammatory, antiproliferative, and antidepressant activities.
1,2
On the other hand, 4-amino-5-mercapto-1,2,4-triazoles react with different types of hydrazonoyl halides to give a wide variety of fused 1,2,4-triazoles.
3−5 Moreover, the fluorine substituent in the heterocyclic compounds improves their biological activities. 6, 7 From all the above findings and in continuation of our previous work on hydrazonoyl halides, 8−15 we were interested in studying the reaction of hydrazonoyl halides with 4-amino-3-trifluoromethyl-5-mercapto-1,2,4-triazoles and the respective Schiff bases. Our objective after such a study was to shed some light on the site-selectivity of such reactions and also to test the biological activity of the products against HPG-2 and HCT cancer cell lines.
Results and discussion

Chemistry
The required starting material, namely 4-amino-3-trifluoromethyl-5-mercapto-1,2,4-triazole 1, was prepared as previously reported. 6 Thus, the reaction of trifluoroacetic acid hydrazide with carbon disulfide in alcoholic solution of potassium hydroxide gave potassium trifluoroacetyldithiocarbazate, which upon refluxing with hydrazine hydrate produced 4-amino-5-trifluoromethyl-4H -1,2,4-triazole-3-thiol 1. 6 Reaction of 1 with Naryl-2-oxopropanehydrazonoyl chloride 2 in dioxane under reflux in the presence of triethylamine afforded in each case one isolable product as evidenced by TLC analysis (Figure 1 ). The products were assigned structure 4 or 7 rather than structure 6 since they were free of sulfur. Moreover, elemental analysis and spectral data are in agreement with structure 4 rather than structure 7. For example, IR spectra of the products revealed in each case the absence of the NH 2 group, the acetyl carbonyl group, and the C=S group and at the same time showed
only absorption bands at 3439-3317 cm −1 , which were assigned to the hydrazone NH group. The 1 H NMR spectra revealed a singlet signal at δ 11.02-10.29 ppm assigned to the hydrazone NH proton, in addition to the expected signals for the methyl and aromatic protons. The mass spectra revealed in each case a molecular ion peak corresponding to elimination of water molecule from intermediate 3, and in agreement with the molecular formula of the products 4. In addition, the electronic absorption spectra of compounds 4a-j in dioxane revealed in each case two characteristic absorption bands in the regions λ max 386-357 and 277-244 nm (Table 1) . Such an absorption pattern is similar to that of typical hydrazone chromophore 4A. Our study was extended to examine the chemical reactivity of Schiff bases of 4-amino-5-mercapto-1,2,4-triazole derivative 1 towards a variety of hydrazonoyl halides 2. The Schiff bases 8 were prepared as previously reported by reaction of triazole derivative 1 with the appropriate aromatic aldehyde 16, 17 under reflux for 5 h in glacial acetic acid. Products 8 in turn reacted with hydrazonoyl halides 2 in dioxane under reflux to give the intermediate thiohydrazonoate ester 9 ( Figure 2 ). The other isomeric structures N -triazolyltriazoles 10 and 11 were discarded based on IR and 1 H NMR spectral data. For example, the IR spectra of products 9
revealed the absence of the absorption band of the SH group at 2500-2600 cm −1 and revealed the presence of an absorption band near 3430 cm −1 assigned to the NH group. 18 The 1 H NMR spectra of the products 9 exhibited in each case a singlet signal at δ 8.07-9.48 ppm characteristic for the azomethine-N=CH-protons, which is similar to compound I 2, 19, 20 and differ from the CH triazoles types II and III 21−24 ( Figure 3 ). More evidence for the elucidation of the structure 9 rather than 10 or 11 is the 13 C NMR of the isolated products.
As shown in Figure 3 , the 13 C NMR of compounds 9a and 9k revealed the absence of the signals of the C-3 or C-4 for the triazoles II or III, 23−25 which are similar to compounds 10 and 11 in Scheme 2. Instead the 13 C NMR of compounds 9a and 9k showed signals at 150.4 ppm and 150.1 ppm, respectively. Furthermore, the 13 C NMR spectra of the products 9a and 9k supported the assigned structure 9A for the isolated products, In order to increase the biological activity of triazole derivatives, we also synthesized a new symmetric dimeric derivative, namely 1,4-bis(iminomethyl-3-trifluoromethyl-5-mercapto-1,2,4-triazole-4-benzene 12. Thus, reaction of 2 moles of 4-amino-5-mercapto-3-trifluoromethyl-1,2,4-triazole 1 with terephthaldehyde in acetic acid under reflux for 5 h furnished the corresponding bis-Schiff base 12, which was obtained in good yield (90%) ( Figure 4) . Reaction of the latter with 2 mole equivalents of the appropriate hydrazonoyl chloride 2 in dioxane under reflux in the presence of triethylamine afforded in each case the corresponding bis-thiohydrazonoate esters 13 rather than the bis(N -triazolyltriazole) 14 or its regioisomer 15. Elemental analyses and spectral data are in support of structure 13 for the products. For example, the IR spectrum of compound 13a showed a characteristic absorption band at 3431 and 1629 cm −1 for the hydrazone -NH and the azomethine groups, respectively. Moreover, the 1 H NMR spectrum displayed three singlet signals at δ 10.69, 8.27, and 2.49 ppm for two -NH, two -CH=N-, and two methyl protons, in addition to the other expected signals assigned for the aromatic protons in the structural formula.
Antitumor activity
The compounds 4a, 4i, 4j, 9a, 9b, 9e, 9i, 9j, 13a, and 13b were assayed for their cytotoxicity against HEPG 2 cell line and HCT cell line. The results depicted in Table 2 indicated that the most active ones were compounds 9b and 9i since their inhibitory effect was 82.3%. The other compounds, 4 and 13, are also active but relatively less than compounds 9b and 9i (HEPG-2 cell line). On the other hand, compounds 4a and 9i are the most active HCT cell line as depicted in Table 3 . Compounds 4, 9, and 13a have moderate activity in comparison with compounds 4a and 9i.
From the above data, we recorded the IC 50 of the most reactive compounds against the two cancer cell lines, HepG2 (hepatic cancer) and HCT (colon carcinoma). Table 2 . Single dose experiment on HPG2 cell line (100 µ g/mL). Doxorobucin was used as the reference drug for screening, exerting IC 50 3.6 and 4.28 µ g/L against HepG2 and HCT, respectively.
HepG-2 was the cell line that showed highest sensitivity towards four tested compounds, 4a, 4i, 9b, and 9i. Compounds 4i and 4a displayed the highest activity against HepG2 exerting the following IC 50 5.63 and 8.63 µ g/mL. On the other hand, 9i and 9b showed mild anti-HepG2 activity representing IC 50 of 18.7 and 22.7 µ g/mL respectively, compared to the reference drug (Table 4) . For colon carcinoma cancer cell line HCT, compounds 4a and 13b were the most prominent anti-HCT among the test compounds. They exhibited IC 50 of 8.33 and 8.45 µ g/mL compared to doxorubicin. In addition, the activity of 9i cannot be ignored: IC 50 14.9 µ g/mL compared to the reference drug ( Table 5 ). The dose response profile was illustrated for the most sensitive cell lines HepG2 and HCT of the tested compounds compared to the reference drug doxorubicin (Figures 5 and   6 ). Table 4 . IC 50 of compounds 4a, 4i, 9b, and 9i against HEPG-2. 
Conclusion
In summary, we described a facile one-pot synthesis of a novel series of 3,6,7-trisubstituted-1,2,4-triazolo- (13) . The structure of the newly synthesized compounds was elucidated on the basis of elemental analysis and spectral data (IR, 1 H NMR, and MS spectra). Moreover, some substituted 1,2,4-triazole derivatives were assayed for anticancer activity. The results showed that compounds 4a, 4i, and 13b are the most active inhibitors against HEGP-2 cell line and/or HCT cell line, which provides a good lead for the design and discovery of new high potent drugs by structure-based molecular modification.
Experimental
General
Melting points were determined on a Gallenkamp apparatus. IR spectra were recorded in potassium bromide using PerkinElmer FTIR 1650 and Pye-Unicam SP300 infrared spectrophotometers. 1 H NMR spectra were recorded in deuterated dimethyl sulfoxide using a Varian Gemini 300 NMR spectrometer. Mass spectra were recorded on a GCMS-QP 1000 EX Shimadzu and a GCMS 5988-A HP spectrometer. Electronic absorption spectra were recorded on a PerkinElmer Lambda 40 spectrophotometer. Elemental analyses were carried out using a German made Elementar vario LIII CHNS analyzer at the Microanalytical Laboratory of Cairo University, Giza, Egypt. Antitumor activities were recorded at J-Natl-Cancer Inst., Cairo, Egypt. Hydrazonoyl chlorides 2 29 were prepared as previously described.
Reaction of compound 1 with hydrazonoyl chloride 2
To a mixture of 1 (0.46 g, 2.5 mmol) and the hydrazonoyl chloride 2 (2.5 mmol) in dioxane (30 mL) was added triethylamine (0.35 mL), and the mixture was heated under reflux for 5 h. The reaction mixture was then poured on ice water and acidified with HCl. The solid produced was collected by filtration and crystallized from the appropriate solvent to give the corresponding compounds 4a-j. The products 4a-j together with their physical constants are listed below. 
6-Methyl-3-trifluoromethyl-7-(4-methoxyphenylhydrazono)[1,2,4]triazolo [3,4-b][1,3,4]thiadiazine (4a)
7-(3-Chlorophenylhydrazono)-3-trifluoromethyl-6-methyl-[1,2,4]triazolo-[3,4-b][1,3,4] thiadiazine (4e)
Synthesis of compounds 8
A mixture of compound 1 (2.5 mmol) and the appropriate aromatic aldehyde (2.5 mmol) was refluxed in glacial acetic acid (20 mL) for 5 h. The solution was then cooled and the solid produced was filtered and recrystallized from the appropriate solvent.
Compounds 8a and b were prepared by the same method described in the literature. 
Reaction of compounds 8 with hydrazonoyl chlorides 2
To a mixture of 8 (2.5 mmol of each) and the hydrazonoyl chloride 2 (2.5 mmol) in dioxane (30 mL) was added triethylamine (0.35 mL), and the mixture was heated to reflux for 5 h, and then the reaction mixture was poured on ice water and acidified with HCl. The solid produced was collected by filtration and crystallized from the appropriate solvent to give the corresponding compounds 9a-l. The products 9a-l together with their physical constants are listed below. 
4-[((E)-
4-[((E)-Benzylidene)amino]-5-(trifluoromethyl)-4H-1,2,4-triazol-3-yl (E)-2-oxo-N-(4-methylphenyl)propanehydrazonothioate (9b)
Orange solid, yield (0.76 g, 68%), mp 208-210 
4-[((E)-Benzylidene)amino]-5-(trifluoromethyl)-4H-1,2,4-triazol-3-yl (E)-N-(4-chlorophenyl)-
2-oxopropanehydrazonothioate (9c)
Orange solid, yield (0.93 g, 85%), mp 230-232 
4-[((E)-benzylidene)amino]-5-(trifluoromethyl)-4H-1,2,4-triazol-3-yl (E)-N-(4-nitrophenyl)-
2-oxopropanehydrazonothioate (9d)
Reddish brown solid, yield (0.72 g, 60%), mp 206-208 
Reaction of compound 12 with hydrazonoyl chlorides 2
To a mixture of 12 (1.17 g, 2.5 mmol) and the hydrazonoyl chloride 2 (5 mmol) in dioxane (40 mL) was added triethylamine (0.7 mL), and the mixture was heated to reflux for 5 h, and then the reaction mixture was poured on ice water and acidified with HCl. The solid produced was collected by filtration and crystallized from the appropriate solvent to give the corresponding compounds 13a and b. 
Biological activity
Measurement of cytotoxicity by SRB assay
Potential cytotoxicity of the compounds was tested using the method of Skehan et al. 30 Cells were plated in a 96-multiwell plate (104 cells/well) for 24 h before treatment with the compounds to allow attachment of cells to the wall of the plate. A single concentration of the compound under test (100 µ g/mL) was added to the cell monolayer triplicate wells prepared for each individual dose. Monolayer cells were incubated with the compounds for 48 h at 37
• C and in atmosphere of 5% CO 2 .
After 48 h, cells were fixed, washed, and stained with sulfo-Rhodamine-B stain. Excess stain was washed with acetic acid and attached stain was recovered with Tris EDTA buffer. Color intensity was measured in an ELISA reader. The relation between inhibition % and drug concentration was calculated. 
